Introduction
============

As the second most common malignancy of the genitourinary tract, urinary bladder cancer affects more than 2 million people worldwide ([@b1-etm-0-0-7061]). The incidence of urinary bladder cancer is increased in developed countries compared with less developed regions. It has been demonstrated that urinary bladder cancer accounts for \>5% of newly diagnosed tumors in European countries ([@b2-etm-0-0-7061]). With the growth of the aging population and changes in exposure to risk factors, the incidence of urinary bladder cancer demonstrates an increasing trend and the age of onset is decreasing ([@b1-etm-0-0-7061]). With the efforts made in the prevention and treatment of urinary bladder cancer, the 5-year survival rate of patients with this disease is 60% ([@b3-etm-0-0-7061]). However, the prognosis of patients with metastatic urinary bladder cancer is usually poor ([@b4-etm-0-0-7061]). Therefore, early diagnosis and treatment remains critical for the survival of patients with urinary bladder cancer.

In addition to messenger RNAs (mRNAs) that encode protein products, the human genome also transcribes a large set of non-coding RNAs that serve pivotal roles in normal physiological and pathological processes ([@b5-etm-0-0-7061]). The comparison of non-coding RNA expression under physiological and pathological conditions provides references for the diagnosis and prognosis of human diseases ([@b6-etm-0-0-7061]). MicroRNA (miRNA) is a subgroup of non-coding RNA molecules, each measuring \~22 nucleotides ([@b7-etm-0-0-7061]). Studies from previous decades have indicated that miRNAs are involved in almost all aspects of critical biological processes in the human body ([@b8-etm-0-0-7061]). miRNA-373 serves different roles in different types of cancer ([@b9-etm-0-0-7061],[@b10-etm-0-0-7061]). miRNA-373 is likely an oncogene in testicular germ cell tumors, and the overexpression of miRNA-373 in tumor tissues promotes tumor progression ([@b9-etm-0-0-7061]). By contrast, miRNA-373 serves a tumor suppression role in estrogen receptor negative breast cancer by targeting nuclear factor kappa-light-chain-enhancer of activated B cells and transforming growth factor-β signaling pathways ([@b10-etm-0-0-7061]). The contradictory functions of miRNA-373 reveal the complexity of its regulatory role in cancer biology. In the present study, it was identified that miRNA-373 promoted the proliferation, migration and invasion of urinary bladder cancer by upregulating epidermal growth factor receptor (EGFR). The present study provided novel insights for the diagnosis and treatment of urinary bladder cancer.

Patients and methods
====================

### Patients

From January 2015 to January 2018, a total of 55 patients who were pathologically diagnosed with urinary bladder cancer and treated in Shengjing Hospital of China Medical University (Shenyang, China) were included. Those patients included 40 males and 15 females, and the ages ranged from 28--69 years, with a mean age of 45±10.1 years. Concurrently, a total of 45 healthy people were also included to serve as control group. The control group included 37 males and 8 females, and the ages ranged from 27--70 years, with a mean age of 44±10.9 years. No significant differences in age and sex were identified between the two groups. The present study was approved by the Ethics Committee of Shengjing Hospital of China Medical University. All patients signed informed consent.

### Tissue collection and processing

Tumor tissues and adjacent healthy tissues within 2 cm around the tumors were collected from all patients during surgical resection. Blood (10 ml) was extracted from the elbow vein of the patients with urinary bladder cancer and healthy controls. Blood was maintained at room temperature for 2 h, followed by centrifugation of blood samples for 10 min at 1,875 × g at room temperature to collect serum. All tissues were stored in liquid nitrogen prior to use.

### Cell lines and cell culture

Urinary bladder cancer HT-1376 (ATCC^®^ CRL-1472™) and HT-1197 (ATCC^®^ CRL-1473™) cell lines were purchased from the American Type Culture Collection (ATCC). Cells were cultured with Eagle\'s Minimum Essential Medium (cat. no. 30-2003; ATCC) containing 10% fetal bovine serum (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at 37°C with 5% CO~2~.

### Cell transfection

miR-373 mimic hsa-miR-373\* (HMI0531) and negative control 1 miRNA (GGUUCGUACGUACACUGUUCA; HMC0002) were purchased from Sigma-Aldrich; Merck KGaA. Prior to transfection, cells were cultured at 37°C with 5% CO~2~ overnight to reach 80--90% confluence. Lipofectamine 2000^®^ reagent (11668-019; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used to transfected 50 nM miRNA into 5×10^5^ cells. Cells without transfection were control cells (C). Cells transfected with negative control miRNA were negative control cells (NC). Subsequent experiments were performed at 24 h after transfection.

### Cell proliferation assay

A Cell Counting kit-8 assay kit (Sigma-Aldrich; Merck KGaA) was used to evaluate cell proliferation ability. Briefly, cells were collected and centrifuged at 600 × g for 5 min at room temperature and were used to prepare a cell suspension with a density of 5×10^4^ cells per well, and 100 µl cell suspension containing 5×10^3^ was added into each well of 96-well plates. Cells were cultured in an incubator at 37°C with 5% CO~2~, and 10 µl CCK-8 solution was added at 12, 24, 48, 72 and 96 h. Subsequent to incubation at 37°C for an additional 4 h, optical density values at 450 nm were measured using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

### Transwell cell migration and invasion assay

A Transwell cell migration assay kit (BD Biosciences, Franklin Lakes, NJ, USA) was used to evaluate cell migration ability. Briefly, cells were collected and centrifuged at 600 × g for 5 min at room temperature and were used to prepare a cell suspension with a density of 5×10^4^ cells per well, and 100 µl cell serum-free suspension containing 5×10^3^ cells was added to the upper chamber. Then, RPMI-1640 medium (Thermo Fisher Scientific, Inc.) containing 20% fetal calf serum (Sigma-Aldrich; Merck KGaA) was added into the lower chamber. Following incubation at 37°C with 5% CO~2~ for 24 h, membranes were collected and stained with 0.5% crystal violet (Sigma-Aldrich; Merck KGaA) at room temperature for 15 min. Stained cells were counted under an optical microscope (Olympus Corporation, Tokyo, Japan) at magnification, ×20. A cell invasion assay was performed using the same protocol, but the upper chamber was pre-coated with Matrigel (EMD Millipore, Billerica, MA, USA) at 4°C for 4 h.

### Reverse transcription quantitative polymerase chain reaction (RT-qPCR)

A miRNeasy kit (Qiagen GmbH, Hilden, Germany) was used for all miRNA extraction from both cells and tissues. cDNA was prepared using the miScript II RT kit (Qiagen GmbH) under the following conditions: 25°C for 5 min, 50°C for 25 min and 75°C for 10 min. All protocols were performed according to the manufacturer\'s instructions. An miScript SYBR-Green PCR kit (Qiagen GmbH) was used to assay miRNA-373 expression using RNU6 (miRNA) as an endogenous control. PCR reaction conditions were: 95°C for 1 min, then 95°C for 15 sec and 59°C for 40 sec for 40 cycles. All primers were purchased directly from Beyotime Institute of Biotechnology (Jiangsu, China). Data were analyzed using the 2^−ΔΔCt^ method ([@b11-etm-0-0-7061]).

### Western blot analysis

Total protein extraction from HT-1376 and HT-1197 cell lines was performed using a radioimmunoprecipitation assay lysis solution (Thermo Fisher Scientific, Inc.), and BCA assay was used for protein quantification. Subsequently, 20 µg protein from each sample was subjected to 10% SDS-PAGE gel electrophoresis, followed by gel transfer to polyvinylidene fluoride membranes. Membranes were blocked with 5% skimmed milk at room temperature for 2 h, followed by washing with PBS and incubation with primary antibodies including rabbit anti-human EGFR (1:2,000; cat. no. ab131498; Abcam, Cambridge, UK) and rabbit anti-human GAPDH (1:1,000; cat. no. ab8245; Abcam) overnight at 4°C. Following washing with PBS, the membranes were incubated with an anti-rabbit IgG-horseradish peroxidase secondary antibody (1:1,000; cat. no. MBS435036; MyBioSource, Inc., San Diego, CA, USA) at room temperature for 1 h. Then, enhanced chemiluminescent reagents (Sigma-Aldrich; Merck KGaA) were added to detect the signals. Membranes were scanned using MYECL™ Imager (Thermo Fisher Scientific, Inc.), and ImageJ v1.46 software (National Institutes of Health, Bethesda, MD, USA) was used to normalize the relative expression level of EGFR to the endogenous control GAPDH.

### Statistical analysis

All experiments were performed in triplicate. Data were processed using SPSS 19.0 (IBM Corp., Armonk, NY, USA). Count data are expressed as rate and were compared using a χ^2^ test. Measurement data were expressed as mean ± standard deviation, and comparisons among multiple groups were performed using a one-way analysis of variance followed by Tukey\'s test. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic value of serum miRNA-373 for urinary bladder cancer. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of miRNA-373 in tumor tissues and adjacent healthy tissues of patients with urinary bladder cancer

Analysis of the expression of miRNA-373 in tumor tissues and adjacent healthy tissues of 55 patients with urinary bladder cancer using RT-qPCR, which indicated that the expression of miRNA-373 was significantly upregulated in tumor tissues compared with adjacent healthy tissues in 49 out of 55 patients (P\<0.05; [Fig. 1](#f1-etm-0-0-7061){ref-type="fig"}), accounting for 89.0% of this cohort. By contrast, the expression of miRNA-373 was significantly downregulated in tumor tissues compared with adjacent healthy tissues in 3 patients (P\<0.05; [Fig. 1](#f1-etm-0-0-7061){ref-type="fig"}), accounting for 5.5%. No significant differences were identified in the remaining 3 cases, accounting for 5.5%. Those data suggest that the upregulation of miRNA-373 is likely to be involved in the pathogenesis of urinary bladder cancer.

### Comparison of serum levels of miRNA-373 and the diagnostic values

As demonstrated in [Fig. 2A](#f2-etm-0-0-7061){ref-type="fig"}, the serum levels of miRNA-373 were significantly increased in patients with urinary bladder cancer compared with the healthy controls. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic value of serum miRNA-373 for urinary bladder cancer. As indicated in [Fig. 2B](#f2-etm-0-0-7061){ref-type="fig"}, the area under the curve was 0.8473, with a 95% confidence interval of 0.7722--0.9223 (P\<0.001). These data suggest that the upregulation of serum miRNA-373 may serve as a potential diagnostic marker for urinary bladder cancer.

### Association between serum levels of miRNA-373 and clinicopathological data of patients with urinary bladder cancer

Patients were divided into high expression (n=28) and low expression groups (n=27) according to the median serum level of miRNA-373 (\> or \<2.56, respectively). The associations between serum levels of miRNA-373 and clinicopathological data of patients with urinary bladder cancer were analyzed by χ^2^ test. As summarized in [Table I](#tI-etm-0-0-7061){ref-type="table"}, serum levels of miRNA-373 were not significantly associated with the sex, age, or drinking and smoking habits (P\>0.05), but were significantly associated with the diameter of primary tumors and distant metastasis (P\<0.05).

### Effects of miRNA-373 overexpression of urinary bladder cancer cell proliferation, migration and invasion

The aforementioned data suggested that upregulation of miRNA-373 may be associated with tumor growth and distant metastasis of urinary bladder cancer. To additionally investigate the role of miRNA-373 in urinary bladder cancer proliferation and migration, miRNA-373 mimics were transfected into urinary bladder cancer HT-1376 and HT-1197 cell lines. The overexpression of miRNA-373 was confirmed by RT-qPCR ([Fig. 3A](#f3-etm-0-0-7061){ref-type="fig"}). As indicated in [Fig. 3](#f3-etm-0-0-7061){ref-type="fig"}, miRNA-373 mimic transfection significantly promoted the proliferation ([Fig. 3B](#f3-etm-0-0-7061){ref-type="fig"}), migration ([Fig. 3C](#f3-etm-0-0-7061){ref-type="fig"}) and invasion ([Fig. 3D](#f3-etm-0-0-7061){ref-type="fig"}) of the two cell lines.

### Effects of miRNA-373 overexpression on EGFR expression

The overexpression of EGFR stimulates cell proliferation, migration and invasion in certain types of cancer cells ([@b12-etm-0-0-7061]). Therefore, the effects of miRNA-373 overexpression on EGFR expression were investigated. As indicated in [Fig. 4](#f4-etm-0-0-7061){ref-type="fig"}, transfection of miRNA-373 mimics significantly promoted the expression of EGFR in cells of the two urinary bladder cancer cell lines (P\<0.05).

Discussion
==========

miRNA-373, as a human embryonic stem cell-specific miRNA, has been demonstrated to be involved the regulation of cell proliferation, senescence, apoptosis, migration and invasion ([@b13-etm-0-0-7061]). In addition, miRNA-373 also serves a pivotal role in DNA damage repair following hypoxia stress ([@b14-etm-0-0-7061]). The altered expression of miR-373 has been observed in several types of human cancer, indicating the role of miR-373 as an oncogene or tumor suppression gene in those diseases. In the study of testicular germ cell tumors, Voorhoeve *et al* ([@b9-etm-0-0-7061]) suggested that miRNA-373 was upregulated in tumors and is likely to serve an oncogenic role. However, a contrasting study identified that miRNA-373 was downregulated in estrogen receptor negative breast cancer, suggesting its role as a tumor suppression gene in this disease ([@b10-etm-0-0-7061]). In the present study, the upregulation of miRNA-373 expression in tumor tissues compared with adjacent healthy tissues was observed in the majority of patients with urinary bladder cancer. In addition, serum levels of miRNA-373 were also increased in patients with urinary bladder cancer compared with the healthy controls. These data suggest that upregulation of miRNA-373 is likely involved in the pathogenesis of urinary bladder cancer.

Due to the poor prognosis of patients with advanced urinary bladder cancer ([@b3-etm-0-0-7061]), early diagnosis and treatment of this disease remains critical. Development of human diseases is usually accompanied by changes in certain factors in the blood circulation system and comparison of those factors under physiological and pathological conditions may provide valuable references for the diagnosis of diseases ([@b15-etm-0-0-7061]). In the present study, ROC curve analysis revealed that serum miRNA-373 may be an accurate biomarker for urinary bladder cancer. It has been established previously that the expression pattern of certain miRNAs may be altered by smoking ([@b16-etm-0-0-7061]), alcohol consumption ([@b17-etm-0-0-7061]) and aging ([@b18-etm-0-0-7061]), which may affect the reliability of miRNAs in the diagnosis of diseases. In the present study, no significant associations between serum levels of miRNA-373 with patient age, sex or behavioral habits including smoking and drinking were observed. These data suggest that miRNA-373 is a reliable and effective biomarker for urinary bladder cancer. However, it is worth noting that an altered expression of miRNA-373 has been observed in different human diseases ([@b9-etm-0-0-7061],[@b10-etm-0-0-7061]). Therefore, multiple biomarkers should be combined to improve the diagnostic accuracy.

The present study also indicated that serum levels of miRNA-373 were closely associated with tumor size and distant tumor metastasis. Previous studies have confirmed that miRNA-373 is involved in the regulation of cell proliferation, migration and invasion of several types of human cancer ([@b19-etm-0-0-7061]--[@b21-etm-0-0-7061]). In the present study, transfection with miRNA-373 significantly promoted cell proliferative, migratory and invasive abilities of two urinary bladder cancer cell lines, indicating that the role of miRNA-373 was a promotor of urinary bladder cancer growth and metastasis. The overexpression of EGFR stimulates cell proliferation, migration and invasion of certain types of cancer cells, and EGFR is considered a target for the treatment of several malignancies, including urinary bladder cancer ([@b12-etm-0-0-7061],[@b22-etm-0-0-7061]). In the present study, transfection with miRNA-373 significantly promoted the expression of EGFR in two urinary bladder cancer cell lines. These data suggest that miRNA-373 may promote the growth and metastasis of urinary bladder cancer, and that this function may be associated with the upregulation of EGFR.

Notably, Zhang *et al* ([@b23-etm-0-0-7061]) revealed an expression pattern and functionality of miRNA-373 in bladder cancer contradictory to that described in the present study. The discordance in these observations may be due to the different cell lines used in the present study and individual and/or regional differences across patients. In addition, the present study only examined miRNA-373-EGFR signaling in bladder cancer. The data obtained did not provide any evidence on whether this interaction was direct or indirect. Future studies should aim to reveal more information regarding the signaling pathway. An additional limitation of the present study was the small sample size. Future studies with bigger sample sizes are required to additionally confirm the results. In addition, more cells lines of different subtypes should be used to investigate the role of miRNA-373 in bladder cancer.

In conclusion, miRNA-373 expression was upregulated in urinary bladder cancer. Serum miRNA-373 may serve as an effective and reliable diagnostic marker for urinary bladder cancer. miRNA-373 overexpression promoted tumor cell proliferation, migration and invasion, and EGFR expression. The present study concluded that miRNA-373 overexpression may promote urinary bladder cancer cell proliferation, migration and invasion by upregulating EGFR. However, the mechanism of miRNA-373-mediated upregulation of EGFR remains unknown. Additional studies are required.
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![Expression of miRNA-373 in tumor tissues and adjacent healthy tissues of patients with urinary bladder cancer. This experiment was performed in triplicate and all data are expressed as mean ± standard deviation. \*P\<0.05, expression level of miRNA-373 was significantly higher in tumor tissues compared with adjacent healthy tissues; ^\#^P\<0.05, expression level of miRNA-373 was significantly lower in tumor tissues compared with adjacent healthy tissues. miRNA, microRNA.](etm-17-02-1190-g00){#f1-etm-0-0-7061}

![Comparison of serum levels of miRNA-373 and the diagnostic values. (A) Comparison of serum levels of miRNA-373 between patients with urinary bladder cancer and healthy controls. (B) Receiver operative characteristic curve of the diagnosis of urinary bladder cancer using serum miRNA-373. Red indicates the diagnostic line and black indicates the line of identity. miRNA, microRNA. \*P\<0.05.](etm-17-02-1190-g01){#f2-etm-0-0-7061}

![Effects of miRNA-373 overexpression on the proliferative, migratory and invasive abilities of urinary bladder cancer cells. (A) The expression of miRNA-373 in HT-1376 and HT-1197 cells, and (B) cell proliferation, (C) migration and (D) invasion of those cells following miRNA-373 overexpression. This experiment was performed in triplicate and all data are expressed as mean ± standard deviation. \*P\<0.05. siRNA, small interfering RNA; miRNA, microRNA; C, control cells without transfection; NC, negative control cells transfected with negative control miRNA; Mimic, cells transfected with miRNA-373 mimic.](etm-17-02-1190-g02){#f3-etm-0-0-7061}

![Effects of miRNA-373 overexpression on EGFR expression. The upper panel demonstrates representative western blot analysis results. The lower panel represents EGFR expression normalized to endogenous control GAPDH. This experiment was performed in triplicate and all data are expressed as mean ± standard deviation. \*P\<0.05. miRNA, microRNA; siRNA, small interfering RNA; EGFR, epidermal growth factor receptor; C, control cells without transfection; NC, negative control cells transfected with negative control miRNA; Mimic, cells transfected with microRNA-373 mimic.](etm-17-02-1190-g03){#f4-etm-0-0-7061}

###### 

Association between serum levels of miRNA-373 and clinicopathological data of patients with urinary bladder cancer.

                                             miRNA-373 expression groups               
  ---------------------------- -------- ---- ----------------------------- ---- ------ ------
  Sex                          Male     40   19                            21   0.68   0.41
                               Female   15   9                             6           
  Age, years                   ≥45      27   15                            12   0.46   0.50
                               \<45     28   13                            15          
  Primary tumor diameter, cm   ≥2       32   20                            12   4.11   0.04
                               \<2      23   8                             15          
  Distant metastasis           Yes      26   18                            8    6.62   0.01
                               No       29   10                            19          
  Smoking                      Yes      31   15                            16   0.18   0.67
                               No       24   13                            11          
  Drinking                     Yes      38   20                            18   0.15   0.70
                               No       17   8                             9           

miRNA, microRNA.
